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(57) A stent with axial flexibility, in a preferred em- 
bodiment has a longitudinal axis and comprises a plu- 
rality of longitudinally disposed bands, wherein each 
band defines a generally continuous wave along a line 
segment parallel to the longitudinal axis. A plurality of 


links maintains the bands in a tubular structure. In a fur- 
ther embodiment of the invention, each longitudinally 
disposed band of the stent is connected, at a plurality of 
periodic locations, by a short circumferential link to an 
adjacent band. Further, a pair of bifurcated stents is dis- 
closed. 
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Description 
Technical Field 

[0001] The present invention relates to a stent having s 
axial flexibility and resilience in its expanded form. 

Background Art 

[0002] A stent is commonly used as a tubular struc- w 
ture left inside the lumen of a duct to relieve an obstruc- 
tion. Commonly, stents are inserted into the lumen in a 
non expanded form and are then expanded autono- 
mously (or with the aid of a second device in situ A typ- 
ical method of expansion occurs through the use of a is 
catheter mounted angioplasty balloon which is inflated 
within the stenosed vessel or body passageway in order 
to shear and disrupt the obstructions associated with the 
wall components of the vessel and to obtain an enlarged 
lumen. a 2Q 

[0003] In the absence of a stent, restenosis may occur 
as a result of elastic recoil of the stenotic lesion Al- 
though a number of stent designs nave been reported 
these designs have suffered from a number of limita- 
tions. These include restrictions on the dimension of the 25 
stent such as describes a stent which has rigid ends 
(8mm) and a flexible median part of 7-21 mm. This de- 
vice is formed of multiple parts and is not continuously 
flexible along the longitudinal axis. Other stent designs 
with rigid segments and flexible segments have also so 
been described. 

[0004] Other stents are described as longitudinally 
flexible but consist of a plurality of cylindrical elements 
connected by flexible members. This design has at least 
one important disadvantage, for example, according to 3s 
this design, protruding edges occur when the stent is 
flexed around a curve raising the possibility of inadvert- 
ent retention of the stent on plaque deposited on arterial 
walls. This may cause the stent to embolize or more out 
of position and further cause damage to the interior lin- <u> 
mg of healthy vessels. (See Figure 1(a) below). 
[0005] Thus, stents known in the art, which may be 
expanded by balloon angioplasty, generally compro- 
mise axial flexibility to permit expansion and provide 
overall structural integrity. 45 

Summary of the Invention 

[0006] The present invention overcomes some per- 
ceived shortcomings of prior art stents by providing a so 
stent with axial flexibility. In a preferred embodiment, the 
stent has a first end and a second end with an interme- 
diate section between the two ends. The stent further 
has a longitudinal axis and comprises a plurality of lon- 
gitudinally disposed bands, wherein each band defines ss 
a generally continuous wave along a line segment par- 
allel to the longitudinal axis. A plurality of links maintains 
the bands in a tubular structure. In a further embodiment 


of the invention, each longitudinally disposed band of 
the stent is connected, at a plurality of periodic locations 
by a short circumferential link to an adjacent band The 
waye associated with each of the bands has approx* 
mately the same fundamental spatial frequency in the 
intermediate section, and the bands are so disposed 
that the waves associated with them are spatially 
aligned so as to be generally in phase with one another 
The spatially aligned bands are connected, at a plurality 
of periodic locations, by a short circumferential link to 
an adjacent band. 

[0007] In particular, ateachoneof a first group of com- 
mon axial positions, there is a circumferential link be- 
tween each of a first set of adjacent pairs of bands 
[0008] At each one of a second group of common ax- 
ial positions, there is a circumferential link between each 
of a second set of adjacent rows of bands, wherein 
along the longitudinal axis, a common axial position oc- 
curs alternately in the first group and in the second 
group, and the first and second sets are selected so that 
a given band is linked to a neighboring band at only one 
ofthe first and second groups of common axial posi- 

[0009] In a preferred embodiment of the invention the 
spatial frequency of the wave associated with each of 

™,oT d ,t is , decreased in a fi'st end region lying proxi- 
mate to the first end and in a second end region lying 
proximate to the second end. in comparison to the spa- 
tial frequency cf the wave in the intermediate section In 
a further embodiment of the invention, the spatial fre- 
quency of the bands in the first and second end regions 
is decreased by 20% compared with the spatial frequen- 
cy of the bands in the intermediate section. The first end 
region may be located between the first end and a set 
of circumferential links lying closest to the first end and 
the second end region lies between the second end and 
a set of circumferential links lying closest to the second 
end. The widths of conesponding sections of the bands 
in these end regions, measured in a circumferential di- 
rection, are greater in the first and second end regions 
than in the intermediate section. Each band includes a 
terminus at each of the first and second ends and the 
adjacent pairs of bands are joined at their termini to form 
a closed loop. 

[0010] In a further embodiment of the invention, a 
stent is provided that has first and second ends with an 
intermediate section therebetween, the stent further 
having a longitudinal axis and providing axial flexibility. 
This stent includes a plurality of longitudinally disposed 
bands, wherein each band defines a generally continu- 
ous wave having a spatial frequency along a line seg- 
ment parallel to the longitudinal axis, the spatial frequen- 
cy of the wave associated with each of the bands being 
decreased in a first end region lying proximate to the 
first end and .n a second end region tying proximate to 
the second end. in comparison to the spatial frequency 
of the wave in the intermediate section; and a plurality 
of links for maintaining the bands in a tubular structure 


2 


EP 0 937 442 A2 


The first and second regions have been further defined 
as the region that lies between the first and second ends 
and a set of circumferential links lying closest to the first 
end and second end. 

[0011] In a further embodiment the widths of the sec- s 
tionals of the bands, measured in a circumferential di- 
rect™, are greater in the first and second end regions 
than in the intermediate section. 
[0012] in yet an additional embodiment, the stent is 
divided into a group of segments, and each of the seg- w 
ments are connected by a flexible connector. In addition 
the stent segments are provided with enhanced flexibil- 
ity at the flexible connectors, due to the geometrical con- 
figuration of the flexible connectors. 
[0013] Furthermore, the current stent can bemodified is 
to provide for bifurcated access, whereas the stent itself 
•s uniform throughout. If the manufacturer designs such 
a stent to have an essential opening, then it is possible 
to place the stent such that a pair of stents can be placed 
one through the other. In this fashion, the stents are ca- eo 
pable of being placed at a bifurcation, without any weld- 
ing or any special attachments. The interlocking mech- 
anism can be incorporated into the stent design to cause 
the stent to interlock at the desired position during as- 
sembly of the device, ss 

Brief Desc ription of the Drawing s 

[0014] The foregoing aspects of the invention will be 
more raadily understood by reference to the following so 
detailed description, taken with the accompanying 
drawings, in which: H ' 8 

Figures 1 (a) and 1 (b) are side views of a stent hav- 
ing circumferential* disposed bands wherein the as 
stent is in axially unbent and bent positions respec- 
tively, the latter showing protruding edges; 

Figures 1(c) and 1(d) are side views of an axially 
flexible stent in accordance with the present inven- 40 
ton wherein the stent is in unbent and bent posi- 
tions respectively, the latter displaying an absence 
of protruding edges; 


stent and the characteristic banding pattern; 

Figure 5 is an isometric view of a deflection olot 
where the stent of Figure 2 is expanded to a larger 
diameter of 5mm; 9 

Figure 6 shows a two-dimensional layout of the 
stent of Figure 4 to form a cylinder such that edge 
A meets edge "B'. and illustrating the spring-like 
diYections 3V,ded * Circum,eren,ial and longitudinal 

Figure 7 shows a two dimensional layout of the 
stem. The ends are modified such that the length 

width of the band A is greater than the width of band 

Figure 8 shows a perspective view of a stent con- 
taining flexible connectors as described in the 
present invention; 

Figure 9 shows a stent in which the flexible connec- 
tors are attached to stent segments, in layout foim 
These flexible connectors are attached in an every- 
other-segment pattern; 

Figure 10 shows a layout view where the stent seg- 
ments are connected with a flexible connector in 
every stent segment pattern; 

Figure 11 shorts a schematic of the unexpanded 
stents when loaded on the stent delivery system; 

Figure 12 shows the stents placed alone; 

Figure 1 3 shows the stents as expanded without the 
delivery system; and 

Figure 14 shows a modification of the stent in a lay- 
out view. 7 


Figure 2 is a side view of a portion of the stent of 4S 
Figures 1(c) and 1(d) showing the longitudinal 
bands, spaces, and inner radial measurements of 
bends in the bands being measured in inches; 

Figures 3(a) and 3(b) show a portion of the stent of so 
Figure 2 with two bands between two circumferen- 
tal links (a) before expansion in the undeformed 
state; and (b) after expansion, in the deformed 
state; 

Figure 4 is a view along the length of a piece of cy- " 
Kndrical stent (ends not shown) prior to expansion 
showing the exterior surface of the cylinder of the 


.Detailed Description »f fi p ~| fle Embodiments 

[0015] Improvements afforded by embodiments of the 
present invention include (a) increased flexibility in two 
planes of the non-expanded stent while maintaining ra- 
dial strength and a high percentage open area after ex- 

«^I° n: i b) eVe " Pr6SSUre ° n the ending stent that 
ensures the consistent and continuous contact of ex- 
panded stent against artery wall; (c) avoidance of pro- 
truding parts during bending; (d) removal of existing re- 
strictions on maximum of stent; and reduction of any sh- 
ortening effect during expansion of the stent 
[0016] In a preferred embodiment of the invention, an 
expandable cylindrical stent 10 is provided having a fe- 
nestrated structure for placement in a blood vessel, duct 
or lumen to hold the vessel, duct or lumen open, more 
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particularly for protecting a segment of artery from res- 
tenosis after angioplasty. The stent 10 may be expand- 
ed arcumferentially and maintained in an expanded 

^2L« On J ati8CirCUmferentte, ^ ri 9 id - Tneste nt10 
. axally flexible and when flexed at a band, the stent 

mi£"V ny ex,ema,, y Protruding component parts. 
lUOlTJ Figure 1 shows what happens to a stent 10, of 

utZ! ?' 9 r 10 8 Pre,6rred em "odiment herein but 
utHizing instead a series of circumferentially disposed 
bands, when caused to bend in a manner that is likely 
encountered within a lumen of the body. A stent 10 with 
acrcumferential arrangement of bands (1 ) experiences 
an effect analogous to a series of railroad cars on a 
ESS" £ fOW ° f rai ' r0ad ^ P r «=eeds around the 

benJ«!£! ? h ° mer * 8aCh Car P roceed '"9 around the 
bend after the coupling is caused to protrude from the 

^£ h °' th6 K ,rack - Similar, y' serpentine circumfer- 
ential bands have protrusions (2) above the surface of 
the stent 10 as the stent 1 0 bends. 
[0018] In contrast, the novel design of the embodi- 
ment shown in Figures 1(c) and 1(d) and Figure 7 in 
wh.ch the bands (3) are axialfy flexible and are arranged 
f J°^. 9itudlnal ^oids such an effect when 
he stent 10 is bent, so the bent bands (4) do not pro- 
trude from the profile of the curve of the stent 10 Fur- 
Uiermore, any flaring at the ends of the stent 10 that 
might occur with a stent 10 having a uniform structure 
at Z 2£ ta "y e,imina,ed °y introducing a modification 
at the ends of the stent 10. This modification comprises 
decreasing the spatial frequency and increasing the 
wrth of me corresponding bands in a circumferential 

S™T, La and A > compared to that of the intermediate 
section. (Ig and B). 

[0019] m an embodiment of the invention, the spatial 
frequency L A may be decreased 0-50% with respect to 
ft™ . Width A mv be '"creased in the range of 
tl? <Z reSpeCt ,0 B - ° tner modifications at the 
ends of the stent 10 may include increasing the thick- 
ness of the wall of the stent 10 and selective electropo- 
■ening. These modifications protect the artery and any 
Plaque from abrasion that may be caused by the stent 
10 ends during insertion of the stent 10. The modifica- 
™h alS0 u ma y P rovide increased radiOKjpacity at the 
ends of the stent 10. Hence it may be possible to more 
accurate* locate the stent 10 once it is in place inTh* 

[0020] The embodiment as shown in Figures 2 and 6 
has the unique advantage of possessing effective 
springs in both circumferential and longitudinal direc- 
tions shown as items (5) and (6) respectively. These 
springs provide the stent 10 with the flexibility necessary 
both to navigate vessels in the body with reduced friction 

, ■! T nd 31 Se,6C,ed site m a mann er that pro- 
vides the final necessary expanded dimensions without 
undue force while retaining structural resilience of the 
expanded structure. 

[0021 J As shown in both Figures 2. 4 and 6, each lon- 
gitudinal band undulates through approximately two cy- 


cles before there is formed a circumferential link to an 
adjacent band. Prior to expansion, the wave W ^ 
ated with each of the bands may have approxSX 
tm same fundamental spatial frequency. aSSe^SS 
s are so disposed that the wave W associated wlT? 
are spa.*,* aligned, so as to be gene^pC^ 
one another as shown in Figure 6. Pnasewitn 
[0022] The aligned bands on the longitudinal axis are 
connected at a plurality of periodic locations by^ short 
w circumferential link to an adjacent band. ConsSerafiS 
common axial position such as shown by the line X-X in 
F.gures4and6.Herean adjacent pair of bands is toinJS 

X^KSSIfJf* 7 - Sfrni,arty other paire - EE 

rs !! 8d at 10,8 common «W Position. At a sec- 

ond common axa. position, shown in Figure 6 by iTe 
»ne Y-Y. an adjacent pair of bands is joined by circurn! 

Hnked at X-X is not linked at Y-Y and vice-versa. The X - 

20 ' inka9eS thecommon axial posi- 

*> tion Z-Z. In general, there are thus two groups of com. 
n*>n axial positions. In each of the axial positions ofTy 
£nI° UP H a : e ' inkS bStWeen tne <" adS 

axis of the embodiment. In this way. circumferential 
spring 6 and the longitudinal spring 6 are provS 
0023] Afeatureo»theexpansioneventis P Sntpa«- 
tem of open space in the stent 10 of the embodiment of 

S 9 ,hl t !' I? eXpanSi0n is different fr °m the pattern 
of the stent 10 after expansion. In particular, in aT 
,erred ernbodiment. the pattern of open spaoTon £ 

EL? r eXPanSi ° n * sef P enti " e . wntreaTafS 
(T™r,- T^ em a PP roac hes a diamond shape 
(3a. 3b). In embodiments of the invention, expansion 

nTaybeachievedusingpressurefromanexpandinobaN 
& loon or by other mechanical means ^^oai 

If °° UrSe °' eXpansion - as ehown in Figure 

vih« Tl W . ShapSd b3ndS tend to becom e straignter 
When , h e bands become straighter. they become stifier 
and thereby withstand reiatfve.y high radial £ 
ST f -news how rad«l expansion of the stent ££mL 
the fenestra to open up into a diamond shape with max- 
.mum stress being expended on the apices of theX 
mend along the longitudinal axis. When finite element 

^•ye^mcludingstrainstudieewereperformedonSte 
« stent 10. it was found that maximum strain waT EE 
enced on the bands and links and was below The max- 
imum identified as necessary to maintain st^ictuX 

so i°? 25] J?* op,imi2atio n of strain of the stent 10 is 
so achieved by creating as large a turn radius as possibte 
m the wave W associated with each band in £?nor, 
expanded stent 10. This is accomplished whHeJresZ 
ng a sufficient number of bands and links to preserve 
55 T*7T* inte9ri,y of ste "t 10 after expansion. 

I n n^ 8 "' ° f the inven,ion " the strain may be 
less than 0.57 inches/inch for 31 6L stainless steel The 
expans.on pressure may be 1.0-7.0 atmospheres' The 
number of bands and the spatial frequency of the wave 
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W on the longitudinal axis also affects the number of 
circumferential links. The circumferential links contrib- 
ute structural integrity during application of radial force 
used in expansion of the stent 10 and in the mainte- 
nance of the expanded form. While not being limited to 
a single set of parameters, an example of a stent 10 of 
the invention having a longitudinal axis and providing 
axial flexibility of the type shown in Figure 6, may include 
a stent 10 having an expanded diameter of 4mm and a 
length of 30mm that for example may have about 8-12 
rows, more particularly 10 rows and about 6-10 slots, 
more particularly 8 slots (a slot is shown in Figure 6 as 
extending between X and Z), with a wave W amplitude 
of about 1/4-1/10 of a slot length, more particularly 1/8 
of a slot length. 

[0026] The stent 10 may be fabricated from many 
methods. For example, the stent 10 may be fabricated 
from a hollow or formed stainless steel tube that may be 
cut out using lasers, electric discharge milling (EDM), 
chemical etching or other means. The stent 1 0 is insert- 
ed into the body and placed at the desired site in an 
unexpanded form. In a preferred embodiment, expan- 
sion of the stent 10 is effected in a blood vessel by 
means of a balloon catheter, where the final diameter of 
the stent 10 is a function of the diameter of the balloon 
catheter used. 

[0027] In contrast to stents of the prior art, the stent 
10 of the invention can be made at any desired length, 
most preferably at a nominal 30mm length that can be 
extended or diminished by increments, for example 
1.9mm increments. 

[0028] It will be appreciated that a stent 1 0 in accord- 
ance with the present invention may be embodied in a 
shape memory material, including, for example, an ap- 
propriate alloy of nickel and titanium; or stainless steel. 
In this embodiment after the stent 10 has been formed, 
it may be compressed so as to occupy a space suffi- 
ciently small as to permit its insertion in a blood vessel 
or other tissue by insertion means, wherein the insertion 
means include a suitable catheter, or flexible rod. On 
emerging from the catheter, the stent 1 0 may be config- 
ured to expand into the desired configuration where the 
expansion is automatic or triggered by a change in pres- 
sure, temperature or electrical stimulation. 
[0029] An embodiment of the improved stent 10 has 
utility not only within blood vessels as described above 
but also in any tubular system of the body such as the 
bile ducts, the urinary system, the digestive tube, and 
the tubes of the reproductive system in both men and 
women. 

[0030] In yet a further embodiment, there is described 
a stent 10 as presently disclosed containing a multiplic- 
ity of curvilinear segments 20. These curvilinear seg- 
ments 20 are connected to each other via a generally 
perpendicular connector 25. The generally perpendicu- 
lar connector 25 lies substantially in the plane perpen- 
dicular to the longitudinal axis of the stent 10. Each of 
the stent 10 segments as described herein is connected 


to an adjacent stent 10 segment. This is done using a 
series of flexible connectors. Importantly, the connec- 
tors themselves can be made narrower at their mid- 
points. This enhances the possibility of flexure at that 
s point. Of course, it is to be realized that alternate designs 
of the connector to insure flexibility are possible, and 
contemplated by this invention. 
[0031 ] In essence therefore, the stent 1 0 as described 
in Figure 8 is a stent 10 of considerable flexibility when 
" compared to more rigid rectilinear stents. Nonetheless 
the stent 10 of the present invention does not depart 
from the basic concepts set forth herein, in that it dis- 
closes a continuously curvilinear strut. This curvilinear 
strut is connected to other curvilinear struts via a series 
is of -second" more flexible connectors, described above 
[0032] In any regard, it can be seen that the stent 10 
of the present invention incorporates various new and 
useful members. One of them is the flexible connector 
in conjunction with a generally curvilinear stent. Another 
20 is the use of the generally larger struts at the ends of 
the stent 1 0 in order to provide for continued support at 
the stent 10 ends. A final aspect is the use of flexible 
connectors amongst stent 10 segments to provide for 
greater flexibility. 
25 [0033] In all regards, however, it is to be seen that the 
present invention is to be determined from the attached 
claims and their equivalents. 

[0034] As can be seen from Figures 1 1 through 1 4 an 
improved device 100 of the present invention can also 
30 be made to perform in a bifurcated fashion. In this way, 
the stent 101 contains a central opening 102. This cen- 
tral opening 1 02 allows for the passage of an unexpand- 
ed stent 103 of the same size. Typically of course, the 
two stents 101,103 will have the same general configu- 
35 ration, and one can pass through the other on the same 
type of diameter balloon. In fact, the balloon 1 50 as seen 
in the current figures 11-16 is a bifurcated balloon, but 
need not be. Two separate balloons are certainly capa- 
ble of performing the same function. The balloons are 
^o preferably less than 6 Fr in their unexpanded shape in 
a preferred embodiment, but cf course, need not be so 
constrained. 

[0035] As seen in figures 11-14. the first stent 101 (the 
lower one in the figure) is loaded on one of the balloons 
<* 151. It has an opening 102 central to it. This opening 
faces the upper stent 103 and balloon 152, the upper 
stent 1 02 loaded on the second balloon 1 52. The upper 
stent 1 03, when loaded on the second balloon 152 also 
has an opening 104 which faces the lower stent 101 . In 
50 this fashion, as the second stent 103 is strung through 
the first stent 101 , it is placed in such a fashion so as to 
have a mutually facing contact with the first stent 101. 
Then, as the balloon and stent combination is guided 
through the human anatomy, the devices will go toward 
55 a bifurcation. When this happens, the device is caused 
to split using various guide wire techniques. Then, each 
of the respective balloons are inflated. 
[0036] On this inflation, the entire device is expanded 
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10 


such as seen in Figure 13. Thus, the entire bifurcation 
is covered, and yet in a much easier than typical bifur- 
cated expansions. What is unique is that there is no 
welding of the stents 101, 103 together, they can be 
common "off-the-shelf stents modified only slightly so s 
as to be useful for this particular need. 
[0037] It should be noted that the stent of Figures 
11 -14 can be designed with any slot or wire configura- 5 
tions or of any high density materials or composites and 
can be balloon expandable or self-expanding or even 10 
the combination of both. The devices can be sold sep- 
aratefy from separate catheters to be assembled during 
the desired procedure by the clinicians; can be used wfth 
a bifurcated balloon or two separate balloons; or incor- 
porated wrth one or more radio-opaque markers to allow is 
tor better positioning in radioopacity. The bifurcated 6 
stent delivery system is placed by crimping over two bal- 
loons and then expanded at the sight of the lesion. 

Claims 

1. A bifurcated stent comprising a first stent portion 
having first and second ends with an intermediate 
section therebetween, the stent further having a 
longitudinal axis and a plurality of longitudinally dis- 
posed cells, wherein each cell has an opening 
therein; and 

a second stent portion having first and second 
ends with an intermediate section therebe- 
tween, the stent further having a longitudinal 
axis and a plurality of longitudinally disposed 
cells, wherein each cell has an opening therein; 
and 

each of said stent portions capable of expand- 
ing from a first respective diameter to a larger 
second respective diameter; and 

wherein said second stent portion is config- 
ured in its said first respective diameter passing 
through a cell of the first stent portion in its first di- 
ameter. 

5. A stent according to claim 1 , each said stent formed 
by a series of longitudinally extending struts con- 
nected by links, wherein each link is axially dis- 
placed from any circumf erentially adjacent link. 

; . A stent according to claim 2. wherein, at each one so 8 
of a first group of common axial positions, there is 
a circumferential link between each of a first set of 
adjacent pairs of struts. 

• A stent according to claim 3. wherein, at each one ss 9 
of a second group of common axial positions, there 
is a circumferential link between each of a second 
set of adjacent rows of struts, wherein, along the 


so 


& 7. 
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40 
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longitudinal axis, a common axial position occurs 
alternately in the first group and in the second 
group, and the first and second sets are selected 
so that a given strut is linked to a neighboring strut 
at only one of the first and second groups of com- 
mon axial positions. 

A stent according to claim 2. wherein the spatial fre- 
quency of the wave associated with each of the 
struts is decreased in a first end region tying proxi- 
mate to the first end and in a second end region 
lying proximate to the second end, in comparison 
to the spatial frequency of the wave in the interme- 
diate section. 

A bifurcated stent system comprising in combina- 
tion: 

a pair of balloons aligned parallel with one an- 
other, said balloons each loaded with at least 
one stent and said stents maintained generally 
parallel with each other as they are guided 
along said balloon into the lumen of a body. 

The combination of claims 6 wherein said pair of 
parallel stents comprises a bifurcated stent com- 
prising: 

a first stent portion having first and second ends 
with an intermediate section therebetween, the 
stent further having a longitudinal axis and a 
plurality of longitudinally disposed cells, where- 
in each cell has an opening therein; and 
a second stent portion having first and second 
ends with an intermediate section therebe- 
tween, the stent further having a longitudinal 
axis and a plurality of longitudinally disposed 
cells, wherein each cell has an opening therein; 
and 

each of said stent portions capable of expand- 
ing from a first respective diameter to a larger 
second respective diameter; and 

wherein said second stent portion Is configured in 
rts said first respective diameter passing through a 
cell of the first stent portion in its first diameter 
and such that said respective stent portions' are 
aligned on said balloon to be parallel to one another. 

A combination according to claim 7. each said stent 
formed by a series of longitudinally extending struts 
connected by links, wherein each link is axially dis- 
placed from any circumf erentially adjacent link. 

The combination according to claim 8. wherein, at 
each one of a first group of common axial positions 
there is a circumferential link between each of a first 
set of adjacent pairs of struts. 


6 


11 


EP 0 937 442 A2 


12 


10. The combination according to claim 9, wherein, at 
each one of a second group of common axial posi- 
tions, there is a circumferential link between each 
of a second set of adjacent rows of struts, wherein, 
along the longitudinal axis, a common axial position 
occurs alternately in the first group and in the sec- 
ond group, and the first and second sets are select- 
ed so that a given strut is linked to a neighboring 
strut at only one of the first and second groups of 
common axial positions. 


10 


11. 


The combination according to claim 8, wherein the 
spatial frequency of the wave associated with each 
of the struts is decreased in a first end region lying 
proximate to the first end and in a second end region 
lying proximate to the second end, in comparison 
to the spatial frequency of the wave in the interme- 
diate section. 


1 2. A bifurcated balloon system, said bifurcated balloon 
capable of being passed through a lumen of the 
body, said bifurcated balloon containing at least two 
balloons, a first of said balloons capable of being 
placed within a lumen and said second balloon ca- 
pable of being placed in a second lumen when said 
first balloon is placed within said first lumen. 

13. The system of claim 12 wherein said balloons are 
passed into the body in a parallel configuration. 


through a cell of the first stent portion in its first di- 
ameter. 

17. A system according to claim 16, wherein each said 
stent formed by a series of longitudinally extending 
struts connected by links, wherein each link is axi- 
ally displaced from any circumferentially adjacent 
link. 

18. A system according to claim 17, wherein, at each 
one of a first group of common axial positions, there 
is a circumferential link between each of a first set 
of adjacent pairs of struts. 


14. The system of claim 13 wherein the combined di- 
ameter of said two balloons each in its unexpanded 
condition, is less than 6 Fr. 

15. The system of claim 12 wherein each balloon car- 
ries a stent. 

16. The system of claim 12 further comprising a bifur- 
cated stent placed on said balloon combination, 
said bifurcated stent comprising: 

a first stent portion having first and second ends 
with an intermediate section therebetween, the 
stent further having a longitudinal axis and a 
plurality of longitudinally disposed cells, where- 
in each cell has an opening therein; and 
a second stent portion having first and second 
ends with an intermediate section therebe- 
tween, the stent further having a longitudinal 
axis and a plurality of longitudinally disposed 
cells, wherein each cell has an opening therein; 
and 

each of said stent portions capable of expand- 
ing from a first respective diameter to a larger 
second respective diameter; and 

wherein said second stent portion is config- 
ured in its said first respective diameter passing 
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A system according to claim 18. wherein, at each 
one of a second group of common axial positions, 
there is a circumferential link between each of a 
second set of adjacent rows cf struts, wherein, 
along the longitudinal axis, a common axial position 
occurs alternately in the first group and in the sec- 
ond group, and the first and second sets are select- 
ed so that a given strut is linked to a neighboring 
strut at only one of the first and second groups of 
common axial positions. 

20. A system according to claim 17, wherein the spatial 
frequency of the wave associated with each of the 
struts is decreased in a first end region lying proxi- 
mate to the first end and in a second end region 
lying proximate to the second end, in comparison 
to the spatial frequency of the wave in the interme- 
diate section. 

21. A stent system containing: 

at least two stents, each of said stents having 
an opening in its lateral wall, and one of said 
stents capable of being emplaced through said 
lateral wall opening so that a portion of said 
second stent is maintained separate from said 
first stent; and 

wherein said stents are capable of being ro- 
tated one with respect to the other in order to main- 
tain said stents in close-fitting relationship to each 
other in a bifurcated lumen of the body. 

22. The system of claim 21 wherein said pair of stents 
comprises a bifurcated stent comprising: 

a first stent portion having first and second ends 
with an intermediate section therebetween, the 
stent further having a longitudinal axis and a 
plurality of longitudinally disposed cells, where- 
in each cell has an opening therein; and 
a second stent portion having first and second 
ends with an intermediate section therebe- 
tween, the stent further having a longitudinal 
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axis and a plurality of longitudinally disposed 
cells, wherein each cell has an opening therein; 
and 

each of said stent portions capable of expand- 
ing from a first respective diameter to a larger s 
second respective diameter; and 

wherein said second stent portion is config- 
ured in its said first respective diameter passing 
through a cell of the first stent portion in its first di- io 
ameter. 
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FIG. 1(a) 


FIG. 1(b) 


FIG. 1(c) 


FIG. 1(d) 
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FIG. 2 



10 


EP 0 937 442 A2 
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FIG. 4 
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FIG. 5 
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